Saliva sampling is frequently used in humans for adrenal glucocorticoid hormone analysis because of advantages such as non-invasiveness, the ease of collection, and storing of the samples. To transfer this advantageous method to laboratory mammals, potentially confounding factors such as stressful handling procedures have to be excluded. In the present study we established a method for collecting saliva for cortisol measurement in freely moving adult male tree shrews (Tupaia belangeri). The practicability of the procedure was demonstrated (i) by stress-induced changes in cortisol levels revealing a significant increase during the stress phase (control = 0.91 nmol/l vs stress = 1.71 nmol/ll, and (iiI by reporting no significant differences in salivary cortisol levels before and after performance of a learning task. The present study emphasizes the use of salivary cortisol analysis especially for monitoring acute changes in the hypothalamo-pituitary-adrenal axis activity in male tree shrews.
Saliva cortisol measurement is frequently used in humans for evaluating the activity of the hypothalamo-pi tui tary-adrenocortical (HPA) axis (Kirschbaum & Hellhammer 1994, for review) . The acceptance of this method stems from several advantages. Salivary cortisol reflects the biological active free fraction of the adrenocortical steroid hormone in the plasma (Robbins & Rall 1957 , Mendel 1989 . The saliva samples are also easy to collect, frequent sampling is possible and the procedure per se is noninvasive. Consequently, saliva cortisol analysis was also validated and established in several mammalian species ITable 1). In pigs and dogs, the collection of saliva requires Correspondence to: Dr Eberhard Fuchs, Tel: +49-551-3851130, Fax: +49·551-3851228, E-mail: efuchs@gwdg,de specific handling procedures (Parrot et al. 1989 , Beerda et al. 1996 , Ruis et al. 1997 . As an example of smaller laboratory animals, saliva sampling was established in guineapigs. Here, a species-specific immobility' reaction to a novel environment was used to insert a cotton bud into the cheek pouch (Fenske 1997) . In primates, saliva cortisol was determined in squirrel monkeys, sitting in a primate chair for behavioural experiments (Fuchs et al. 1997) . Recently, Boyce et al. (1995) demonstrated that saliva can also be collected from freely moving primates by using cotton dental rolls pre-treated with sugar-sweetened fruit drink in nursery-reared juvenile rhesus monkeys. This study stimulated us to modify the technique of sweetened cotton rolls for its use in tree shrew.
Adult male tree shrews (Tupaia belangeri) represent a valuable laboratory animal for Accepted 18 January 1999 Fuchs et al. 1997 Psychosocialstress This study Social isolation Fenske 1997 Isolation Ruis et al. 1997 Insulin administration Beerda et al. 1996 For better comparison all concentrations are given as nmoljl investigating the consequences of psychosocial stress (Fuchs et a1. 1996) . As in other vertebrates, one endocrine hallmark of their stress reaction is the activation of the HPA axis, resulting in elevated plasma concentrations of the glucocorticoid hormones corticosterone and cortisol (von Holst 1977 , Fuchs et a1. 1993 . In tree shrews, HPA axis activity is mainly evaluated by analysing free cortisol in their morning urine. This method has been shown to be a valid and reliable approach for monitoring chronic changes in HPA axis activity (van Kampen & Fuchs 1998 , Fuchs et al. 1992 .The establishment of saliva sampling would supplement the urine analysis by enabling the investigator to evaluate non-invasively short-term changes in cortisol levels as well. Therefore, we developed a method for collecting saliva from freely moving adult male tree shrews. The practicability of this approach for routine investigations was demonstrated (il by stress-induced changes in saliva cortisol levels and (ii) by investigating salivary cortisol before and after performance of a learning task.
Methods

Animals and housing
The adult male tree shrews (Tupaia belangerij body weight in the range of 21Og; n =3) were from the breeding colony at the German Primate Center (G6ttingen, Germany). The animals were individually housed in stainless cages (50 x 130 x 80 cmj cages for marmosets, EBECO, Castrop-Rauxel, Germany) on a regular dayjnight cycle with artificial illumination from 08:00 h to 20:00 h in airconditioned rooms (for details see Fuchs 
Saliva sampling
Individual saliva samples were collected daily between 14:00 and 17:00 h by using cotton rolls (twisted gauze sponges, Pagasling No. I, Hartmann, Heidenheim, Germanyl which were soaked with 0.5 ml of flavoured water. Six different flavours were used with regard to individual taste preferences (banana, cherry, chocolate, vanilla, vanillasweet, applej Micro-Plus, Stadtoldendorf, GermanYj the concentration was 0.02% for each flavourl. The cotton rolls were given via a pair of tweezers directly to the animals freely moving in their cages ( Fig II. The animals chewed on the rolls for at least 5 s then the rolls were immediately transferred into a plastic tube and stored sealed at -28°C until analysis.
To evaluate the effects of psychosocial stress on salivary cortisol levels, male tree shrews were exposed to chronic psychosocial stress for 4 weeks (see below). Saliva was collected before the stress exposure [every second day for 8 days), during the third week of the stress exposure (every second day for 8 daysl, and after 4 weeks of recovery (every second day for 8 days; for the time schedule see Table 2 ). To quantify potentially stressful influences induced by performing tasks on a learning paradigm (namely hole board testing, see below), saliva was sampled before and after the testing procedure on 5 consecutive days during the last week of stress exposure, and again after 5 weeks of recovery (for the time schedule see Table 2 ).
Saliva analysis
For cortisol analysis, the cotton rolls were placed for 2h in 1ml assay buffer (50mM Tris-HC1, 150mM NaCl, 0.5% bovine serum albumin, 0.05% bovine gamma globulin, 0.02% Tween 40,0.02% NaN3i pH 7.7) From this solution, 100III were used for duplicate cortisol analysis by an in-house immunoassay with time-resolved fluorescence detection (DELFIA).In this assay, 96-well microtitre plates were coated with porcine antisheep IgG and incubated at 4°C overnight. After washing three times, the plates were coated with sheep anti-C3CMO antiserum. For the analysis, the plates were washed again and standards and samples incubated 271 with a cortisol 3-CMO-biotin conjugated tracer for 30 min at room temperature. After washing, 20 ng of streptavidin-Europium conjugate (Pharmacia) was allowed to react for 30 min. After a final wash step, an 'enhancement solution' (Pharmacia) was added. Fluorescence was measured in a 1232 DELFIA Fluorometer (Pharmacia). For more detailed information and assay characteristics refer to Dressend6rfer et a1. (1992) .
Chronic psychosocial stress
The experimental design for the paradigm of chronic psychosocial stress in tree shrews has been described previously (Fuchs et a1. 1993 , Fuchs et a1. 1996 . Briefly, for the induction of psychosocial stress, one socially inexperienced male tree shrew was transferred as an intruder to a resident's cage. This resulted in an active competition for control over the territory and lead to a stable dominant/subordinate relationship between the animals. Following the active competition, the subordinate animal became virtually immobile, showed tail ruffling, and occasionally elicited alarm calls whereas the dominant animal maintained a normal behavioural pattern. After one hour, the animals were separated by a transparent wire mesh for the rest of the day. During the 28 days of psychosocial conflict, the wire mesh was removed for one hour daily between 08:30 and 12:00 h. After completion of the 4week stress period, the animals were transferred to their previous cages in separate quarters elsewhere in the animal facility.
Memory testing
To investigate cognitive performances in tree shrews we developed a hole board paradigm F(1.2) = 0.5, P < 0.56) as well as under stressful conditions (F(1.2) = 100, P < 0.064). 
Discussion
The results of the present study show that frequent saliva sampling for cortisol determination is feasible in freely moving male tree shrews. The baseline concentration of salivary cortisol was determined as 1.2 nmol/l while plasma levels have been reported with 23.7 nmol/l (von Holst 1977). These findings are in accordance with the results reported for a number of mammalian species including humans demonstrating (Ohl et al. 19981_ The board was made of opaque gray PVC (60 x 22 x 2 cm) and 23 holes (1.5 x 0.5 cm) were staggered in three lines. All holes were covered by a selfclosing, opaque lid. Without moving the lid, the animals could not find any reward. Each animal had an individual hole board because of the tree shrews' sensitivity to odors of conspecifics. For each trial, the hole board was placed in the home cage and was removed afterwards. The tree shrews were tested for 30 trials during 5 consecutive days per phase [ Table 2 ). All daily trials were run between 15:00 hand 16:00 h with a lOmin interval between the trials.
Statistical analysis
Cortisol data were analysed through a repeated measures analysis of variance [ANOVA; STATISTICA 5.0; StatSoft, Inc. 1984 -1996 Tulsa, USA) and subjected to a one-way ANOVA and compared within the group. The main effect of phase was analysed by posthoc Fisher's LSD test with a Huynh/Feldt adjustment. Data are expressed as mean ± SEM. A value of P < 0.05 was accepted as significan t.
Results
Saliva cortisol before and after a learning test
The evaluation of potentially stressful effects of the hole board testing revealed no significant effects by comparing the pre-test and post-test salivary cortisol concentrations under non-stressful conditions (Fig 3; 
Stress-induced changes in saliva cortisol
For the comparison of non-stressful vs stressful conditions (Fig 21 statistical analysis revealed a significant effect of the factor 'phase' (F[2.4) = 15.85; P < 0.02). The withingroup comparison of cortisol demonstrated significantly increased concentrations of the steroid hormone under stressful conditions (stress) compared to both the control (P < 0.05) and the recovery phase (P < 0.005). The comparison of salivary cortisol levels during control and recovery phase revealed no significant difference. lower cortisol concentrations in saliva compared to plasma (Kirschbaum & Hellhammer 1994 , Boyce et al. 1995 , Fenske 1997 , Fuchs et al. 1997 , Ruis et al. 1997 . As demonstrated predominantly in humans, salivary cortisol levels are more closely related to the free cortisol f·raction in plasma, and the salivary levels are closely correlated to the plasma concentrations of the steroid hormone (for references, see Kirschbaum & Hellhammer 1989) .
Monitoring the stress-induced changes of the HPA axis activity in tree shrews is of special interest because this species has been shown to be a valid animal model for investigating the bio-behavioural effects of chronic psychosocial stress (Fuchs et al. 19961 . Since activation of the HPA axis is one central feature of the stress response, circulating cortisol is often used as a physiological indicator of stress (Munck et al. 1984 , Wolkowitz 1994 . To avoid the potentially confounding and uncontrollable influences of stressful blood sampling, saliva sampling in freely moving tree shrews may be a valuable tool for monitoring acute changes in cortisol levels which might be induced by experimental procedures such as cognitive testing during stressful periods, and can thus represent a useful supplementation to urine analysis.
As demonstrated in the present study in male tree shrews, salivary cortisol concentrations (0.96 nmolll during stress-free control situations) are significantly increased to the range of 1.7 nmolll as a result of stressful experiences, and return to normal control levels 4 weeks after termination of the stress exposure (Fig 2) . This pronounced stress-induced hyperactivity of the HPA axis is in good accordance with previous studies showing an apparent rise in urinary cortisol in subordinate tree shrews (Johren et al. 1994 , Fliigge 1996 , Magarin6s et al. 1996 , Fliigge et al. 1997 , Vollmann-Honsdorf et al. 1997 , Ohi & Fuchs 1998 .
The hole board testing did not affect the concentrations of salivary cortisol under both non-stressful and stressful conditions (Fig 3) . In humans, an activation of the HPA axis has been shown to be reflected in salivary cortisol levels at least 30 min after the challenge 273 (Kirschbaum et al. 19961 .In the present study, saliva was collected one hour before and one hour after performing the test. Consequently, potential stimulating effects on the HPA axis evoked by the test paradigm should be measurable. As depicted in Fig 3, the saliva cortisol concentrations were in the same range before and after the hole board test indicating that performing and solving this task can be considered as a stress-free procedure.
The present study demonstrates the feasibility of collecting saliva in freely moving tree shrews. Further, the results emphasize the use of salivary cortisol analysis for monitoring HPA axis activity in acute experiments in which blood sampling is not possible. Compared to blood sampling, saliva sampling enables the investigator to evaluate short-term changes in HPA axis activity without stressing the animals (Boyce 1995 , Fenske 1996 . As demonstrated in rhesus monkeys, blood samples must be obtained within 4 min, otherwise plasma cortisol levels are expected to reflect the stress of capture, handling and venepuncture (Meyer & Bowman 1972) . Saliva samples have the advantage of being easier to collect and allow sampling from more individuals and more time points without interfering e.g. with ongoing behavioural experiments. Other non-invasive methods such as the daily collection of urine only indicate long-term alterations of HPA axis activity , Seeman et al. 1997 . In contrast, saliva can be collected repetitively and non-invasively and thus, stress free within short-term intervals. Therefore, saliva sampling in freely moving tree shrews seems to be a useful method for monitoring cortisol levels in experimental animals by circumventing any possibly confounding influences of the sampling procedure itself.
